Background: Functional constipation is a prevalent, burdensome gastrointestinal disorder whose treatment remains challenging. Probiotics have been increasingly investigated in its management. Objective: The aim was to investigate the effect of probiotics on gut transit time, stool output, and constipation symptoms in adults with functional constipation via a systematic review and meta-analysis of randomized controlled trials (RCTs). Design: Studies were identified by searching 4 electronic databases, back-searching reference lists, contacting authors, and hand-searching abstracts. RCTs that reported administration of probiotics in adults with functional constipation were included. Two reviewers independently performed the screening, data extraction, and bias assessment. Outcome data were synthesized by using weighted mean differences (WMDs) or standardized mean differences (SMDs) with the use of a random-effects model. Results: A total of 660 records were identified of which 14 were eligible (1182 patients). Overall, probiotics significantly reduced whole gut transit time by 12.4 h (95% CI: 222.3, 22.5 h) and increased stool frequency by 1.3 bowel movements/wk (95% CI: 0.7, 1.9 bowel movements/wk), and this was significant for Bifidobacterium lactis (WMD: 1.5 bowel movements/wk; 95% CI: 0.7, 2.3 bowel movements/wk) but not for Lactobacillus casei Shirota (WMD: 20.2 bowel movements/wk; 95% CI: 20.8, 0.9 bowel movements/ wk). Probiotics improved stool consistency (SMD: +0.55; 95% CI: 0.27, 0.82), and this was significant for B. lactis (SMD: +0.46; 95% CI: 0.08, 0.85) but not for L. casei Shirota (SMD: +0.26; 95% CI: 20.30, 0.82). No serious adverse events were reported. Attrition and reporting bias were high, whereas selection bias was unclear due to inadequate reporting. Conclusions: Probiotics may improve whole gut transit time, stool frequency, and stool consistency, with subgroup analysis indicating beneficial effects of B. lactis in particular. However, caution is needed with the interpretation of these data due to their high heterogeneity and risk of bias. Adequately powered RCTs are required to better determine the species or strains, doses, and duration of use of probiotics that are most efficacious.
INTRODUCTION
Functional constipation is a symptom-based gastrointestinal disorder without an organic origin (eg, bowel obstruction). It has a prevalence of w14% in adults (1) , representing a huge health care burden. In 2012, it was estimated that functional con-stipation accounted for 3.2 million visits to medical centers in the United States (2, 3) , with annual treatment costs of $1912-$7522 per patient (4) . During the same period, there were w17.4 million prescriptions for laxatives in England at a cost of £80 million (.US$130 million) (5) . In addition to the economic costs, constipation greatly affects patients' quality of life, with a significant impairment of both mental and physical components (6, 7) .
The management of functional constipation remains challenging. Bulking agents, osmotic laxatives, stimulant laxatives, and stool softeners are commonly used (8, 9) . However, up to 47% of patients are not completely satisfied with such treatments, with the main reasons being treatment efficacy, inconsistent symptom response, and concerns with regard to safety, adverse effects, taste, inconvenience, and cost (10) . Accordingly, patients with functional constipation commonly adopt self-management approaches, with 80% having tried over-the-counter products (10) such as foods believed to exert a laxative effect, "functional foods," and nutraceuticals (11) .
Probiotics are live microorganisms that when administered in adequate amounts confer a health benefit to the host (12) . There are several potential mechanisms of action by which probiotics may benefit functional constipation (13) . First, probiotics modify the gastrointestinal microbiota, which is known to be altered in constipation (14, 15) . Second, probiotic metabolites may alter gut function, including sensation (16, 17) and motility (18, 19) . Third, some probiotics increase the production of lactate and short-chain fatty acids, reducing luminal pH, which some researchers have proposed will enhance colonic peristalsis and shorten whole gut transit time (GTT) 4 (20, 21) .
A number of studies investigated the effect of probiotics on symptoms or physiology (eg, GTT) in subjects with constipation. The aim was to investigate the effect of probiotics on GTT, stool output, and constipation symptoms in adults with functional constipation via a systematic review and meta-analysis of randomized controlled trials (RCTs). Our hypothesis was that probiotics would significantly shorten whole and regional GTT, increase stool frequency, and improve stool consistency.
SUBJECTS AND METHODS
This systematic review was carried out in line with the relevant criteria of the Preferred Reporting Items for Systematic Reviews and Meta-Analyses statement (22) and the guidelines of the Cochrane Handbook for Systematic Reviews of Interventions (23) . The methods of the eligibility criteria, search, extraction, and analysis were specified in advance and documented in a protocol that was published in a prospective register of systematic reviews, PROSPERO (http://www.crd.york.ac.uk/PROSPERO; ref CRD42013004799). The eligibility criteria were developed by using a PICOS (Patient, Intervention, Comparators, Outcome, Study design) approach (24) and are detailed in Table 1 . Briefly, the inclusion criteria were any RCT reporting the administration of a single or combination of live probiotics to patients with functional constipation that measured clinical or physiologic outcomes relevant to constipation.
Search strategy and study selection
Studies were identified through searching electronic databases, scanning reference lists of relevant articles, hand-searching of conference abstracts, contacting authors, and consultation with experts in the field. No limits were applied for language or publication date. All citations were imported into a bibliographic database (EndNote X6; Thomson Reuters) for assessment of eligibility. The title and abstract of all identified articles were independently reviewed by 2 reviewers (ED and SC) in a blinded standardized manner. The corresponding author was contacted in case of inadequate information to assess eligibility or to identify relevant Age, sex, location, type of constipation, method of diagnosis for constipation, setting, inclusion and exclusion criteria, number of patients in the intervention, and comparator group.
Intervention
Any species/strains/dose/treatment regimen of live probiotics. Probiotics may be administered in tablet, powder, capsule, softgel, or fortified food forms (as long as the control group is such that the effect of the probiotic alone can be isolated).
Single or combination of probiotics alone. Genus, species, and strain of the probiotic as found in the article. When strain was not available, genus and species alone were extracted. The dose and schedule of probiotic and duration of intervention period were also recorded.
Comparators
Trials were included if they used a placebo as a control. For trials in which the probiotic intervention was a fortified food, an acceptable comparator was taken to be the food without the probiotic(s).
Type and dose of comparator.
Outcome
Reports of the clinical outcomes of stool frequency, stool consistency, stool weight, gut transit time (whole and regional), other gastrointestinal symptoms (eg, bloating, pain), adverse effects/compliance.
Outcomes measured, their method of assessment, and endpoint values for the effect of the intervention on outcomes compared with the control group.
Study design
Randomized controlled trials only with $2 study groups, as long as it was possible to extract data only on probiotic and placebo groups. Both parallel and crossover studies were eligible.
Type of study design, fulfillment of intention-to-treat analysis, adequacy of randomization, and allocation concealment and blinding.
data. Disagreements between reviewers were resolved by a third researcher (KW).
Data extraction
A data extraction spreadsheet was developed, and 2 reviewers (ED and SC) independently extracted the data from eligible studies. The data extracted included the characteristics of trial participants, the intervention, the comparator group, the outcomes measured (GTT, stool output, constipation symptoms, adverse effects, and compliance), and the study design (Table 1 ). Disagreements were resolved by a third researcher (KW).
To measure study quality, the 2 reviewers independently assessed the adequacy of randomization and allocation concealment, blinding methods, implementation of the intention-to-treat analysis, complete outcome data, and selective data reporting. Judgment of bias relating to each domain was categorized as low, high, or unclear according to the criteria described in the Cochrane handbook (23) .
Data synthesis and statistical analysis
Meta-analysis was performed where outcomes from at least 2 studies could be obtained by using standard statistical procedures in proprietary software (RevMan version 5.2; The Nordic Cochrane Centre, The Cochrane Collaboration; and Stata version 12.0; StataCorp). For an outcome measured using the same technique and reported using the same units (whole and regional GTT, stool frequency), a weighted mean difference (WMD) was calculated. However, where the same outcome was measured or reported differently, the standardized mean difference (SMD) was calculated (25) . In crossover studies, the means and SDs or SEs of the intervention and control periods separately were used (26) . Where necessary, SDs were calculated from SEs or 95% CIs. A random-effects model was used to produce a pooled estimate of the WMD or SMD. Subgroup analyses were performed where there were sufficient trials for a specific species (eg, Bifidobacterium lactis) or a specific strain (eg, Lactobacillus casei Shirota). However, subgroup analysis is only discussed where $2 studies or intervention arms contributed to the WMD or SMD. Statistical heterogeneity was assessed by using the chi-square test and was quantified by using the I 2 statistic, with a value .50% considered to represent substantial heterogeneity (27) (28) (29) . When heterogeneity was statistically high, possible explanations were investigated by using sensitivity analyses according to probiotic species or strain and criteria for diagnosis of functional constipation. Publication bias was assessed by using funnel plots, and evidence of asymmetry was assessed by using the Egger test (30). A P value of ,0.05 was considered to show significance.
RESULTS
The initial electronic and manual search generated 660 nonduplicated records of which only 65 were considered potentially eligible after review of the title and abstract. To assess study eligibility, 6 articles were translated to English (4 Japanese, 1 Chinese, 1 German), and 14 authors were contacted for further information. Searching of a clinical trials database (clinicaltrials. gov) found 3 other completed studies that were potentially eligible; on review, one was excluded and the remaining 2 studies were found to be completed only within the past 2 mo. Contact was made with the principal investigators of these studies, but data were not obtained.
After review of the full articles, 14 studies fulfilled the inclusion criteria ( Figure 1 ). In total, 13 authors of the eligible studies were contacted for further information for data extraction, of which 5 replied.
Study characteristics
Thirteen of the 14 studies were full articles (20, (31) (32) (33) (34) (35) (36) (37) (38) (39) (40) (41) (42) (43) , and one was available in abstract form only (39) . Eleven studies were published in English, one in Japanese (41) , one in Chinese (33) , and one in German (35) . There were 11 parallel-group RCTs (20, 31-33, 35-39, 42, 43 ) and 3 crossover RCTs (34, 40, 41) . One study had a change-over design, with participants randomly assigned to receive probiotics or placebo for 4 wk, and then a change-over only in those whose symptoms had not improved (38) . To minimize bias from the change-over effect, only data from the RCT component at week 4 were used.
Participants and intervention
The 14 studies recruited 1182 participants. However, one study investigated 2 different probiotic interventions (Bifidobacterium breve/Lactobacillus plantarum compared with B. lactis compared with placebo) (31) , and one study investigated the same probiotic in 2 doses (B. lactis 17.2 3 10 9 CFU/d compared with B. lactis 1.8 3 10 9 CFU/d compared with placebo) (20) , and these different intervention groups were considered as separate studies, resulting in a total of 16 separate interventions in the meta-analysis. Seven interventions were B. lactis alone (20, 31-34, 41, 43) , 4 were L. casei Shirota (32, (35) (36) (37) , and one each were Escherichia coli Nissle (38) , Lactobacillus reuteri (39), Lactobacillus paracasei (40), and B. breve/L. plantarum (31) . Of these, the doses ranged from 10 8 to 3 3 10 10 CFU/d and the treatment period varied from 2 to 8 wk. The probiotics were provided in yogurt, fermented milk, beverages, sachets, capsules, or probiotic-fortified foods ( Table 2) .
Outcomes
The outcomes of each meta-analysis are reported in Table 3 .
No study reported a global dichotomous outcome variable for satisfactory relief of constipation. GTT Two studies measured whole and regional GTT by using a standard radio-opaque marker technique (20, 36) . However, one study consisted of 2 intervention groups (compared with one placebo group) and these were treated as separate studies in the meta-analysis (20) , resulting in 3 separate studies in the metaanalysis.
Overall, probiotics significantly reduced whole GTT by 12.4 h (95% CI: 222.3, 22.5 h; P = 0.01) ( Figure 2 ). There was no significant heterogeneity between studies (I 2 = 23%, P = 0.27). In the subgroup analysis, B. lactis did not significantly decrease whole GTT (WMD: 13.5 h; 95% CI: 233.1, 6.1 h; P = 0.12), although these data were derived from 2 intervention groups of the same study.
With regard to rectosigmoid transit time, overall there was a significant effect in favor of probiotics reducing transit time through this region by 4.0 h (95% CI: 27.6, 20.4 h; P = 0.03); specifically this related to B. lactis, which significantly reduced transit time by 4.8 h (95% CI: 29.0, 20.5 h; P = 0.03). However, there was no significant effect on right (WMD: 24.9 h; 95% CI: 210.5, 0.8 h; P = 0.09) or left (WMD: 24.9 h; 95% CI: 210.2, 0.3 h; P = 0.07) colonic transit times for probiotics overall, nor were there species-specific or strain-specific effects. There was no significant heterogeneity found in the regional transit times (Supplemental Figure 1 under "Supplemental data" in the online issue).
Stool output
Stool frequency was measured in all 14 studies; however, only 10 of these were included in the meta-analysis (31-34, 37-39, 41-43) . The remaining 4 studies were not included because 2 did not report data in a suitable form for meta-analysis (35, 36) and 2 did not measure stool frequency in bowel movements per unit of time (instead measuring it as "reduced frequency of defecation" and "irregular bowel movements on a scale from 1 to 100") (40, 43) .
Overall, probiotics significantly increased stool frequency by 1.3 (95% CI: 0.7, 1.9) bowel movements/wk (P , 0.0001) compared with placebo ( Figure 3) , but there was significant heterogeneity (I 2 = 90%, P , 0.00001). There was no significant funnel plot asymmetry (Egger test = 1.44; 95% CI: 22.02, 9.10; P = 0.183), suggesting no evidence of publication bias or other small study effects (Supplemental Figure 2 under "Supplemental data" in the online issue). Subgroup analysis showed that B. lactis resulted in significantly higher stool frequency (WMD: +1.5 bowel movements/wk; 95% CI: 0.7, 2.3 bowel movements/ wk; P = 0.0003); however, significant heterogeneity persisted (I 2 = 92%, P , 0.00001). L. casei Shirota did not significantly affect stool frequency (WMD: 20.2 bowel movements/wk; 95% CI: 20.8, 0.9 bowel movements/wk; P = 0.5), and no heterogeneity was detected (I 2 = 0%, P = 0.83).
Although stool consistency was measured in 11 studies (31, 33, (35) (36) (37) (38) (39) (40) (41) (42) (43) , 2 did not present the data, and these were not obtained on request (36, 39) . The method of measuring stool consistency varied among the studies, including the Bristol Stool Form Scale or modified versions of it, and therefore the SMD was calculated. Overall, probiotics led to statistically improved stool consistency compared with placebo (SMD: +0.55; 95% CI: 0.27, 0.82; P = 0.0001), which meant that stools were becoming less hard/more soft, but there was significant heterogeneity (I 2 = 80%, P , 0.00001) ( Figure 4 ). There was no funnel plot asymmetry (Egger test = 0.57; 95% CI: 24.87, 8.09; P = 0.583), suggesting no evidence of publication bias or other small study effects (Supplemental Figure 3 under "Supplemental data" in the online issue). Subgroup analysis showed significant improve-ment in stool consistency for studies of B. lactis (SMD: +0.46; 95% CI: 0.08, 0.85; P = 0.02), but heterogeneity remained significantly high (I 2 = 81%, P = 0.001). L. casei Shirota did not significantly improve stool consistency (SMD: +0.26; 95% CI: 20.30, 0.82; P = 0.36), but heterogeneity was again significant (I 2 = 80%, P = 0.006).
Stool weight was not directly measured in any study. However, stool quantity was estimated in 3 studies through comparison of stool size to that of a medium-sized egg (34, 37) or a table tennis ball (41) . Overall, probiotics did not significantly affect estimated stool quantity (SMD: 0.23; 95% CI: 20.08, 0.54; P = 0.14) and there was no significant heterogeneity (I 2 = 28%, P = 0.25). B. lactis did not significantly affect estimated stool quantity (SMD: 0.38; 95% CI: 20.13, 0.89; P = 0.14), and no heterogeneity was detected (I 2 = 46%, P = 0.17).
Bloating and flatulence
Bloating was reported in 4 trials (31, 35, 37, 41) , but one did not present any data (41) . Bloating was significantly lower after probiotic consumption compared with placebo (SMD: 20.77; 95% CI: 21.46, 20.07; P = 0.03), but significant heterogeneity was observed (I 2 = 93%, P , 0.00001). Subgroup analysis indicated that L. casei Shirota did not affect bloating (SMD: 20.12; 95% CI: 20.43, 0.19; P = 0.44), and no heterogeneity was detected (I 2 = 0%, P = 0.61). Flatulence was measured in 2 studies (20, 35) . Overall, probiotics did not significantly reduce flatulence (SMD: 20.34; 95% CI: 20.70, 0.02; P = 0.07) and no heterogeneity was detected (I 2 = 34%, P = 0.22). B. lactis significantly reduced flatulence (SMD: 20.53; 95% CI: 20.90, 20.16; P = 0.005), and no heterogeneity was detected (I 2 = 0%, P = 0.93), although these data are from 2 intervention groups of the same study.
Constipation-related symptoms
Many studies reported the impact of probiotics on a range of constipation symptoms. Data from 5 studies indicated that probiotics significantly reduced the frequency of the sensation of incomplete evacuation (SMD: 20.77; 95% CI: 21.14, 20.39; P , 0.0001), but significant heterogeneity was detected (I 2 = 78%, P = 0.0004) (31, 32, 37, 40, 41) . Analysis of the 3 studies of B. lactis showed no significant impact on the frequency of the sensation of incomplete evacuation (SMD: 20.65; 95% CI: 21.34, 0.05; P = 0.07), but heterogeneity was significant (I 2 = 88%, P = 0.0003).
Five studies asked participants to report the "occurrence of hard stools" with the use of an explicit symptom question (instead of, or in addition to, prospectively recording stool con-sistency by using a stool chart). These indicated that probiotics significantly reduced the occurrence of hard stools (SMD: 20.74; 95% CI: 21.19, 20.28; P = 0.001), but significant heterogeneity was detected (I 2 = 61%, P = 0.04) (32, 35, 37, 38, 40) . Strain-specific analysis of 2 studies of L. casei Shirota showed no significant impact on the occurrence of hard stools (SMD: 20.52; 95% CI: 21.08, 0.04; P = 0.07), and heterogeneity was not significant (I 2 = 67%, P = 0.08).
Data from 3 studies (including one with 2 intervention arms) indicated that probiotics significantly improved the ease of stool expulsion (SMD: 0.81; 95% CI: 0.15, 1.48; P = 0.02), but heterogeneity was also significant (I 2 = 94%, P , 0.00001) (31, 32, 41) . Analysis of the 3 studies of B. lactis showed no significant impact on the ease of stool expulsion (SMD: 0.80; 95% CI: 20.17, 1.77; P = 0.11), and heterogeneity remained high (I 2 = 96, P , 0.00001).
Three studies reported the need for manually assisted defecation (36, 37, 40) , 2 studies reported frequency of unsuccessful evacuatory attempts (36, 37) , and 2 studies reported painful evacuation (31, 36) ; however, data were only reported or were attainable for a maximum of one study and therefore metaanalysis was not possible. Frequency of laxative use (37) and length of time per evacuatory attempt (36) were each reported in one study only.
Adverse events and compliance
Five of the 6 studies that measured adverse events reported that none occurred in either the probiotic or the placebo group (20, 31, 39, 40, 43) . One study reported minor adverse events in both probiotic and placebo groups (37) . In one study, it was reported that both the probiotic and placebo study products were "well tolerated" (43) , whereas in another study 91% of participants in the probiotic group and 80% in the placebo group rated the product as "good" or "very good" (35) . Compliance was reported in only 2 studies, both of which reported ˃95% compliance with the probiotic (37, 40) .
Study quality
The 14 studies had variable methodologic quality (Supplemental Figure 4 under "Supplemental data" in the online issue). There was low risk of bias with regard to the detection and performance bias, because 9 of the 14 studies had a double-blind design, and one had a triple-blind design. There were high risks of attrition bias, lack of intention-to-treat analysis, and selective reporting. None of the included trials were at low risk of bias across all domains.
DISCUSSION
Our hypothesis was that probiotics would significantly shorten whole and regional GTT, increase stool frequency, and improve stool consistency. The results of this study indicate that, overall, probiotics positively affected all of these measures. Several other cardinal symptoms of constipation also significantly improved (ie, bloating, sensation of incomplete evacuation, occurrence of hard stools, ease of stool expulsion). Meta-analysis also showed species-specific effects for B. lactis on rectosigmoid transit time, stool frequency and consistency, and flatulence, but not on whole GTT, right and left GTT, stool quantity, sense of incomplete evacuation, or ease of stool expulsion. No effect of L. casei Shirota was detected for stool frequency and consistency, bloating, or the passage of hard stools.
Probiotics were shown to significantly decrease whole GTT by half a day. However, these results are based on only 2 studies (3 intervention arms), one of which consisted of 2 different doses of the same probiotic. Nevertheless, a recent meta-analysis also showed a significant decrease in GTT, albeit in a mixed population of healthy people and those with constipation and constipation-predominant irritable bowel syndrome (44) . Normal whole GTT is considered to be 30-40 h, with an upper limit of normal of w72 h (45, 46) . Hence, a decrease of 12.4 h could help normalize delayed transit. Mechanistically, an animal study showed that the modified gut microbial composition observed after a dietary intervention may result from a "microbiotadependent" or "microbiota-independent" effect of the intervention on GTT (47) . Probiotics may increase colonic short-chain fatty acids (21) , which stimulate contractile colonic responses in rats (48) . However, this contradicts recent findings of human studies (49, 50) , and therefore the contribution of each mechanism of probiotics on GTT and constipation is unclear.
Stool frequency significantly increased by probiotics, specifically by B. lactis but not L. casei Shirota, although there was heterogeneity in these findings. Normal stool frequency ranges from 3 to 21 bowel movements/wk (51, 52) and an increase of 1.3 bowel movements/wk through probiotic consumption could normalize bowel frequency in adults with functional constipation. A recent meta-analysis showed that osmotic and stimulant laxatives increased stool frequency by 2.5 bowel movements/wk in patients with functional constipation (53) . The findings of our current study show that probiotics have at least half of the efficacy of laxatives in increasing stool frequency, which was particularly evident for B. lactis.
Probiotics improved stool consistency with a species-specific effect of B. lactis but not a strain-specific effect of L. casei Shirota. There is a moderate negative correlation between whole GTT and stool form in constipation, and our findings of both shorter GTT in conjunction with improved consistency were therefore expected (54) .
Bloating was significantly lower after probiotics, although when L. casei Shirota was isolated, there was no significant improvement. Bloating is common in constipation, with one survey reporting a prevalence of 57%, and it significantly affects quality of life (10) . Importantly, constipated women reported that laxatives provided insufficient relief of bloating in constipation (55) .
Overall, probiotics were well tolerated with a low risk of adverse events, which agrees with a recent report on the safety of probiotics (56) . However, adverse events were reported in only half of the studies, a common deficiency in clinical trial reporting (57) . Probiotics were also associated with high rates of compliance.
This meta-analysis provides clinically important information. People with constipation have an impaired quality of life (6, 7) , and this is negatively correlated with symptom severity (58) . The treatment of constipation may improve quality of life (6, 7), although this was not an outcome in this meta-analysis.
Many people with constipation do not present to medical care centers and use self-management approaches (55) . Almost half of patients taking over-the-counter or prescription laxatives are not satisfied with the relief they provide (10), suggesting a large unmet need for alternatives to drug treatment. Accessibility to widely available, nonprescription management approaches allows for greater self-management, which could reduce the financial burden of constipation to medical providers. However, the results are based on short-term administration of probiotics, because no RCTs have been published investigating long-term use.
Although this meta-analysis included only functional constipation in adults, the findings might be applicable to adults with constipation-predominant irritable bowel syndrome, because the 2 are increasingly believed to belong to the same spectrum (59, 60) . However, the Rome Foundation still characterizes them as separate disorders and therefore only functional constipation was examined in this review (61) . In addition, a small number of studies were undertaken in children with functional constipation, with discordant results reported for the impact of probiotics on symptoms (62) and stool frequency (63) . Reviews concluded that there is currently insufficient evidence for the effectiveness of probiotics in managing constipation in children (13, 64) .
Strengths and limitations
This meta-analysis was undertaken with the use of a robust design. Effort was made to search various sources to minimize publication bias, and no language restrictions were applied. Only RCTs were included, and investigators sought additional information from authors, although few provided the requested information. There was no evidence of funnel plot asymmetry and search of a clinical trials database did not identify historic unpublished trials. Although a previous systematic review in this area has been published, the final search date was .5 y ago, only 3 RCTs were included, and there was no meta-analysis (13) .
There was significant heterogeneity in many of the reported outcomes, indicating variation between the studies in the estimates of the effect of probiotics on the measured outcomes. This could be explained by the different probiotics used, although significant heterogeneity was sometimes found between studies of the same probiotic species or strain. Therefore, small sample sizes and differences in the methods used to measure outcomes are also likely contributing to heterogeneity. None of the included trials were at low risk of bias across all domains. Hence, pooling data from studies that used poor methodology could potentially overestimate the overall effect size of probiotics.
Controversy remains over whether RCTs of probiotics should undergo meta-analysis due to the varying microbiological and physiologic characteristics of different species and strains. In support of this approach, synthesizing RCTs allows the detection of patterns that would otherwise not be identified, particularly because many trials are small with nonsignificant findings. We were able to perform subgroup meta-analyses for B. lactis and L. casei Shirota for certain outcomes. Studies that investigated a range of other probiotics were identified, some of which showed significant effects for some outcomes. However, these were not discussed because it was not appropriate to consider findings based on single studies only. Further studies that use these underinvestigated probiotics are warranted.
Conclusions
This meta-analysis provides evidence that, overall, probiotics improve whole GTT, stool frequency, and stool consistency; however, specific probiotics improved only some of these outcomes. Furthermore, the interpretation is challenging due to high heterogeneity and risk of bias of individual studies. The results provide cautious optimism for the recommendation of specific probiotic species or strains in the management of functional constipation. Further adequately powered RCTs with the use of standardized outcome measures are needed to determine which species/strains, doses, and duration of probiotics are efficacious in functional constipation.
